Tuning the redox properties of a [4Fe-4S] center to modulate the activity of Mo-bisPGD periplasmic nitrate reductase.
Molybdoenzymes are ubiquitous in living organisms and catalyze, for most of them, oxidation-reduction reactions using a large range of substrates. Periplasmic nitrate reductase (NapAB) from Rhodobacter sphaeroides catalyzes the 2-electron reduction of nitrate into nitrite. Its active site is a Mo bis-(pyranopterin guanine dinucleotide), or Mo-bisPGD, found in most prokaryotic molybdoenzymes. A [4Fe-4S] cluster and two c-type hemes form an intramolecular electron transfer chain that deliver electrons to the active site. Lysine 56 is a highly conserved amino acid which connects, through hydrogen-bonds, the [4Fe-4S] center to one of the pyranopterin ligands of the Mo-cofactor. This residue was proposed to be involved in the intramolecular electron transfer, either defining an electron transfer pathway between the two redox cofactors, and/or modulating their redox properties. In this work, we investigated the role of this lysine by combining site-directed mutagenesis, activity assays, redox titrations, EPR and HYSCORE spectroscopies. Removal of a positively-charged residue at position 56 strongly decreased the redox potential of the [4Fe-4S] cluster at pH 8 by 230 mV to 400 mV in the K56H and K56M mutants, respectively, thus affecting the kinetics of electron transfer from the hemes to the [4Fe-4S] center up to 5 orders of magnitude. This effect was partly reversed at acidic pH in the K56H mutant likely due to protonation of the imidazole ring of the histidine. Overall, our study demonstrates the critical role of a charged residue from the second coordination sphere in tuning the reduction potential of the [4Fe-4S] cluster in RsNapAB and related molybdoenzymes.